Abstract: This study was conducted to determine a significant relationship between energy performance of residential buildings and their architectural configuration. It is known that there are high amount of energy expenses of residential buildings while they are in use. Utilizing knowledge to decrease costs in housing construction and energy consumption during their lifetime, it has been worth to study this subject here. Case study examples were selected from residential buildings in İzmir, Turkey, which were 5-11 storey-blocks with various construction dates. Utilizing architectural and mechanical production drawings, certain area-based ratios and building dimensions were determined as architectural configuration indicators. Energy performance of case buildings were determined by using a calculation method according to the Thermal insulation Requirements for Buildings-TS825. The significant relationship between architectural configuration aspects and energy performance of buildings were analyzed through statistical analysis and scatter charts. Findings were discussed on the basis of TS825. Thus, instead of renovation of existing buildings' energy performance by limited solutions (to add insulation material etc.), taking simple and inexpensive precautions in design process and their application might provide a wide energy saving potential.
Introduction
Energy efficiency has been a critical issue to design residential buildings of good quality, all over the world, and in Turkey as well. It is a high indicator of thermal and visual comfort, and also a significant and powerful impact on energy costs. Due to sheltering needs of increasing population and providing a qualified habitat, the field of housing design is rife with proposals that lay claim in improving efficiency [1] [2] [3] . As the residential heating is the main source for energy and resource consumption in Turkey, residential design has gained utmost concern nowadays to reduce energy and resource consumption. Utilizing dwellings offering comfortable interior spaces, it would also be possible to reduce harmful gases released into the environment [4] [5] [6] .
It is clear in literature that architectural configuration of buildings and design norms have direct impact on energy performance of buildings. Several studies have been conducted about thermophysical characteristics of the exterior walls, building orientation and geometry, building location together with energy efficiency of buildings [7] [8] [9] [10] . In a study, for example, optimum window dimensions and heat insulation with an optimum thickness together resulted in a high energy performance among case buildings [11] . In another study, the impact of glass types and overhangs on the heat conductance of wall and roofs were analyzed [12] . Studies on energy rating offered a variety of methods and software (design tools) to design and analyze energy efficient indoor environments [13] [14] [15] [16] [17] [18] . Especially the attempt of construction sector consuming high energy in developed countries was to take measures and programs to rationalize energy consumption in residential buildings. The main objective was to reduce energy consumption for heating [1] [2] [3] . To achieve this goal, the design and evaluation process should be in accordance with the proposed method [19] . Considering the lack of comprehensive studies on the relations of energy performance and architectural parameters of buildings in Turkey, a detailed research has been conducting in Izmir and the initial findings will be discussed here.
From the beginning of the 1990s, the Member States in Europe dealt with the legal regulations about energy consumption in order to reduce carbon dioxide emissions, according to Kyoto Protocol. Turkey is now responsible to provide regulations to comply for the latest European Energy Performance of Buildings Directive 2010/31/EC. [20] . In particular, the Thermal insulation requirements for buildings-TS825 and Heat Insulation Regulation (2000) were legally adopted in 2000: the latter is the complementary regulation of the former which offers the calculation method for the energy demand for heating in buildings [21] . Heat Insulation Regulation sets rules for all buildings to reduce heat loss, to provide energy saving and to determine application guideline [22] . Turkey complied with the rules by Directive 2010/31/EC, through Energy Efficiency Law (2007) and Building Energy Performance Regulation (2008). As regards these regulations, following actions were proposed: the evaluation for the energy consumption of buildings, the classification of buildings, determination of minimum energy performance requirements of existing buildings for their renovation [23, 24] . "Standard Assessment Method for Energy Performance of Buildings" has been developed by The Ministry of Public Works and is expected to be published in January 2011. It will be legally adopted and will draft energy certificate and compare the energy performance of a building with ascertained energy limits. This method will include heating, cooling, domestic hot water production, lighting energy consumptions and CO 2 emissions. This study, however, included the calculation method which is currently in use.
Design efficiency in architecture is a concept to design and construct buildings and spaces inside more efficiently. It is derived from architectural configuration factors. By this way, it provides construction and maintenance costs at an optimum level. Energy performance is an indicator for the energy cost of the building and for the visual and thermal comfort conditions of users, as well. Again, Turkey, preparing legislations for energy performance, is responsible to ensure compliance of 2010/31/EC and these legislations offer to conduct several studies for new and existing buildings in a 10-year-period. In view of these resent research and ongoing knowledge, this study was constructed for residential buildings in İzmir, which is the third most populated city of Turkey to analyze their energy performance and architectural configuration. The objective is to determine relations between energy performance of residential buildings and their design efficiency. Energy performance of case buildings were determined by using a calculation method defined by TS825. The significant relationship between architectural configuration aspects and energy performance of buildings were determined through statistical analysis and scatter charts. To rank buildings according to their energy performance, the ratio of calculated energy demand to maximum allowed energy demand defined in TS825 were used.
Methodology

Residential buildings in İzmir
Case study examples were selected from İzmir which is situated in the western part of Turkey (latitude 38°25'N, longitude 27°08'E), along the Gulf of İzmir, by the Aegean Sea. İzmir has a typical Mediterranean climate which is characterized by long, hot and dry summers; and mild to cool, rainy winters. The average minimum temperatures during winter months vary between 6 and 8°C. Average daytime temperatures, however, during summer months (May to October) are almost 25°C or higher.
To determine case buildings, Building Construction Statistics by Turkish Statistical Institute were analyzed. According to these, the number of multi-story residential buildings is 40% of the whole residential buildings constructed from 1960s to 2008, in İzmir. This rate tends to increase because of increasing population and lack of construction area. Thus, subject buildings in this study were defined to be 5-11 storey residential buildings. A total of 30 buildings were selected from three municipalities due to variation in zoning status and high construction rate. Among these, ten out of 30 were in Konak (designated as K1,K2, …), the other ten were in Karabağlar (designated as Ka1,Ka2…), and the rest in Balçova (designated as Ba1,Ba2…). Architectural and mechanical production drawings were obtained from archives of related municipalities. Buildings were classified with reference to zoning status, orientation, floor number, designer and construction year. The data obtained from drawings included address, construction year, number of flats, floor number, zoning status, designer's professional status, width and height of the building, total floor area, total floor area of common spaces, total volume, total area of façade. The principal aim of this study was to analyze existing residential buildings in İzmir with respect to their architectural configuration as a representative tool for their energy performance. It was also thought that results of this analysis would provide much-needed feedback for designers and professionals in İzmir and in other cities.
Architectural configuration indicators
Relevant attributes of the architectural configuration are basically building form, orientation, zoning status together with several building envelope factors and climate [7] [8] [9] [10] [11] . In addition to data cited in previous section, relevant areas of architectural configuration calculated from drawings in this study were the following: net-usable floor area (inclusive of all internal areas left out from footprint area of all structural elements); external surface area(calculated from external perimeter and the floor to ceiling height of residential building); net-usable common floor area (the exclusive of all residential flats from net-usable floor area); window area (area where high amount of heat would be gained/lost); external wall area and external dimension(width and length). Architectural configuration indicators, as shown in Table 1 , were, then, offered to conduct the assessment for the occurrence of significant relations between energy performances and architectural configuration of buildings. These ratios derived from above areas are described below;
Ratio of external surface area to net usable floor area: This is an indicator that reflects form of building by its volume in zoning status. So it is highly related in exterior surface design and in cost efficiency of energy consumption by concerning surfaces. Ratio of window area to external surface area: This was viewed as the indicator for the equilibrium of solid-void, describing effects of void surfaces to hold minimum heat load. Ratio of width to length: This is an indicator of plan configuration. The objective here was to determine maximum utility spaces and building surfaces in suggested zoning plan. Ratio of external wall area to net-usable area: This ratio was used to define design efficiency indicator related flexibility, utility and cost efficiency of designed spaces. It is the one of the general design principle, creating minimum wall area and minimum fragment plan scheme. Ratio of net-usable common floor area to net-usable floor area: Minimum common spaces have great potential on useful spaces to make them usable and generative. It is related in management cost of first and after construction. for net floor area. Gain utilization factor (η) is used to correct the total of internal and solar gains to calculate average monthly useful gains in a statistical way. Calculation of yearly heat demand is followed by comparison of limiting values given in TS 825 according to A/V ratio. If the yearly heat demand is within the limits, the procedure is completed; otherwise properties of the building elements should be re-evaluated and re-calculated.
Statistical Analysis
The relations between variables, namely, ratio of external surface area to net usable floor area, ratio of window area to external surface area, ratio of width to length, ratio of external wall area to net-usable area, ratio of net-usable common floor area to net-usable floor area and energy performance ratio were tested by single-factor ANOVA at a 5% level of significance (α=0.05). Scatter plots were derived from paired values of variables, namely, heating energy demand, ratio of building surface area to net usable floor area, ratio of window area to external surface area, ratio of width to length, net-usable common floor area to net-usable floor area. These were constructed to understand the relation between architectural configuration indicators and heating energy demand.
Results and Discussion
Findings obtained from TS825.
The results of calculation method-TS825 were tabulated according to construction year, orientation and zoning status. Here, external surface area per volume, heat loss, solar gain, calculated energy demand, max. energy demand, energy performance ratio, and annual fuel demand were tabulated according to construction year as shown in Table 2 . In the analysis, heat loss through ventilation and heat gain from internal environment were also calculated. Energy performance ratio of 9 buildings range from 0,94 to 1,00, while 11 of them were from 1,03 to 1,92. Rest of the buildings' energy performance ratio varies between 2,14 and 2,88. Most of the buildings with high energy performance were situated in Balçova. They were the recently constructed buildings according to construction year. However, buildings constructed mostly in 1970s in Karabağlar were having low energy performance.
Findings obtained from statistical analysis.
The null hypothesis was H 0 :τ i =0; there is no relation among energy performance according to ratio of window area to external surface area. Accordingly, H 0 was accepted at 5% level of significance. It was concluded that ratio of window area to external surface area did not varied significantly according to energy performance. All findings showed that there was no relation between architectural configuration indicators mentioned above and energy performance ratio. Scatter charts also supported this result. 
Conclusions and Recommendations
The analyses of variance and scatter charts were applied to determine relation between architectural configuration indicators and energy performance of residential buildings. Energy demand calculations were constructed by TS 825. A number of results about architectural configuration indicators and their relationship with energy performance ratio were considered as noteworthy on their own merit. One was that the energy performance ratio was independent of architectural configuration indicators, despite literature [7] [8] [9] [10] [11] [12] [13] [14] , showing distinct impact of architectural aspects on building energy performance. Another noteworthy observation was the independence of zoning status and orientation on the energy performance ratio. Several conditions may indicate such an anomaly. One is that the study included a limited number of sample buildings. The other one is that the calculation method is independent from orientation, building form. TS 825, as a static method, is well established to control overall heat transfer coefficient and limit heating energy demand of a building. However, using monthly average climatic values, single zone assumption, ignoring thermal mass, assuming continuous heating regime, lack of internal gain details and control of HVAC systems leads inaccurate results compared with measurements. Results of the static methods give an estimate of monthly heating load and idea about applicable measures to reduce the heat loss of the building. On the other hand, dynamic methods calculate gains and losses from different elements in a building, giving details about different zones and their interactions with the building. Therefore, once the dynamic method which has been developed for building energy performance for Turkey is released, this study will be repeated accordingly. The authors hoped that the new method will exhibit the relationship with building energy performance and architectural parameters. It is necessary to conduct further investigations with inclusion of high number of sample buildings in Turkey. Then, all findings which will be resulted by objective evaluations about existing buildings will be presented to all correspondings' knowledge and use.
